For the soft x-ray free-electron laser FLASH II at DESY in Hamburg a new split-and-delay unit (SDU) is built for photon energies in the range of 30 eV < hν < 1500 eV with an option to expand this range to hν = 2500 eV. The SDU is based on wavefront beam splitting at grazing incidence angles. A three dimensional set-up allows for the use of two different beam paths. With grazing angles of θ = 1.3° in the fixed beam paths and θ = 1.8° in the variable beam path a good compromise between a sufficient reflectance (shallow angles) and a large possible maximum delay (steeper angles) has been chosen. The maximum possible delay is -6 ps < Δt < 18 ps. For photon energies in the range of 30 eV < hν < 800 eV the mirrors are coated with Ni providing a total transmission between T = 57 % at hν = 30 eV and still T > 30 % at hν = 800 eV. For photon energies up to hν = 1800 eV a different beam path with platinum coated mirrors is used enabling a total transmission in the fixed beam path of T > 29 % at hν = 800 eV and T = 24 % at hν = 1800 eV, respectively. In the variable beam path the total transmission in this photon energy range is considerably lower but still sufficient with T = 13 % at hν = 800 eV and T > 6 % at hν = 1800 eV.
INTRODUCTION
Free-Electron Lasers (FELs) operating from the XUV up to the soft and hard X-ray spectral regime provide coherent light pulses with pulse durations on the order of ~1 fs < τ < 100 fs [1] [2] [3] [4] [5] . These attributes make FELs an ideal tool for the investigation of ultrafast processes in physical, chemical and biological systems. As an essential key-component for pump/probe-experiments with sub-femtosecond jitter, split-and-delay units split an FEL pulse in two parts and temporally delay these with respect to each other [6] [7] [8] [9] [10] . In this paper a novel soft x-ray split-and-delay unit based on wavefront beam splitting and reflection at grazing incidence angles is described. It covers photon energies between hν = 30 eV and hν = 1500 eV with an option to expand the maximum photon energy to hν = 2500 eV. Within this spectral range the SDU will enable pump/probe experiments at two beamlines, FL 23 and FL 24, of the new free-electron laser FLASH II. Due to the high absorbance and the small reflectivity at large incident angles a grazing incident geometry is utilized. For the XUV and soft x-ray spectral regime such a set-up has successfully been integrated into the FLASH SASE FEL [7] . With this device the spatio-temporal coherence properties [11, 12] as well as the pulse duration [13] of a soft x-ray FEL have successfully been measured for the first time. Further, ionization dynamics in expanding clusters [14] and in iodine molecules [15] have been investigated by XUV pump / XUV probe spectroscopy, the ultrafast heating of hydrogen has been studied [16, 17] and femtosecond sequential imaging has been realized for the first time [18] . Another SDU operating in the hard x-ray regime with photon energies between hν = 5 keV and hν = 24 keV is currently under construction at the University of Münster [19] [20] [21] . It will be part of the HED-instrument at the SASE 2 undulator of the European XFEL. Also for this instrument, the well proven method of wave front beam splitting is utilized. Due to the low reflectivity in the hard x-ray regime multilayer mirrors are used to reflect the XFEL-pulses. 
MIRRORS
Free-electron lasers provide the experiments with pulses that show almost full spatial coherence [6, 22, 23] and partial temporal coherence [6, 11, 22, 24, 25] . This circumstance sets demanding requirements for all optical elements within the beamline. The SDU contains twelve mirrors corresponding to four reflections per beam path. While a mirror with an ideally flat surface does not disturb the wavefront of the FEL pulse, a real mirror surface with height and slope errors will distort it according to the Huygens-Fresnel principle. Thus, the quality of the mirror surface is essential. Figure 2 exemplarily shows the surface profile of the beam splitter. Within the area that will reflect the FEL pulses the height profile deviates between Δh = -3 nm and Δh = 2 nm which is well below the specifications of Δh max = 10 nm (pv). Only in the upper left corner which will not be hit by the beam the height error approaches Δh = 4.7 nm. One of the major requirements for the SDU is a good transmission of the FEL pulses within the whole photon energy range of FLASH II. With grazing angles of θ = 1.3° in the fixed delay branches and θ = 1.8° in the variable delay branch a compromise between a sufficient reflectance, corresponding to shallow angles and a large possible maximum delay, corresponding to steeper angles has been chosen. Fig. 3 shows the total transmission of the SDU for the current photon energy range of FLASH II between hν = 30 eV and hν = 1500 eV. For photon energies between hν = 30 eV and hν = 750 eV the Ni coating in the fixed beam path (black solid line) and in the variable beam path (black dashed line) shows a total transmission of T > 57 % and T > 48 %, respectively. In the spectral regime above 500 eV the investigation of the temporal properties of magnetic materials at their L-edges, as depicted by arrows in Fig. 3 , is of prominent interest. Above hν = 750 eV the transmission of the Ni coated beam path decreases rapidly and reaches zero at the Ni L-edge at hν = 852 eV. Consequently, a different coating has to be used for photon energies above hν = 800 eV. Here the SDU is aligned to beam path (b) with a Pt coating. In the fixed beam path (red solid line) and in the variable beam path (red dashed line) this coating shows a total transmission for photon energies up to hν = 1500 eV of T > 29 % and T > 13 %, respectively. For photon energies between hν = 2000 eV and 2500 eV which will be reached with a possible upgrade of the FLASH accelerator the fixed beam path with Ni coated mirrors at θ = 1.3° grazing angle shows a total transmission between T > 12 % and T > 6%. 
MECHANICAL LAYOUT
The projected sub-fs resolution as well as the essential pointing stability of the partial beams demand an extensive mechanical stability of the 6.4 m long construction. A cut through the mechanical layout of the SDU is shown in Fig. 4 . An intrinsic mechanical stabilization of the entire system is achieved by increasing the stiffness of the whole system. Thereby vibrations are significantly reduced. To ensure the mechanical sturdyness all components are mounted inside an optical bench which consists of an octagonal structure of stainless steel. As discussed before the FEL beam is divided geometrically and the vertical beam travels along two paths with adjustable lengths. The path length difference of one beam with respect to the other and in consequence the temporal delay is changed by moving the mirrors (green) along guide rails (red). These rails are supported by stainless steel supports (yellow) that are attached to the optical bench. The mirrors are mounted on girders (blue) that move along the guide rails in order to change the optical path lengh. This motion is realized by means of recirculating ball drives (violett) which are driven by stepper motors. Due to the interaction of the bearing balls with the guides rails an angular error of the mirrors on the order of Δθ = 5 µrad occurs when the delay is changed. This error is compensated by means of an active tracking system. To achieve this the angle of the mirror at the current position is measured by a three-axis interferometer and corrected by a piezo actuator. For the last mirrors that reflect the beam to the experiment an additional piezo driven fine tuning is foreseen. In order to provide the experiments with an unaffected soft x-ray beam the whole optical bench can be moved so that the beam does not hit any mirror of the SDU. 
